ANAESTHETISTS have long bees in the habit of administering oxygen-rich gas mixtures. Some administer almost pure oxygen (Johnstone, 1959) and when pulmonary ventilation is allowed to become grossly deficient this is undoubtedly necessary if anoxia is to be avoided. Others take the view that an adequate minute volume should be ensured, and that it is therefore unnecessary to administer more than 20 per cent oxygen (for example, ordinary room air) except in occasional circumstances.
In Oxford this latter view is held (Parkhouse and Simpson, 1959 ) and a clinical trial has been concluded recently, in which 1,250 cases were anaesthetized with volatile agents vaporized in room air. Although this method of anaesthesia is quite satisfactory from the clinical point of view the writers are aware that there is doubt in some anaesthetists' minds as to whether the patient's colour is always a reliable guide to the adequacy of his arterial oxygen saturation. Accordingly it was decided to make a full investigation of blood oxygen levels during anaesthesia with volatile agents vaporized in room air. Faulconer and Latterell (1949) studied arterial oxygen saturation during open drop ether anaesthesia. They recorded saturations as low as 70 per cent, but with open drop administration there is little control over the ether concentration and rebreathing may occur. More recently blood oxygen levels were measured during quantitative ether-air administration, using an E.M.O. inhaler (Ikezono, Harmel and King, 1959) . The results •This work was carried out during the year in which one of the authors (P.V.C.) held the post of Surgical Research Assistant under the Nuffield Committee for the Advancement of Medicine, University of Oxford. 265 of this investigation were on the whole favourable although only intermittent measurements were made (by direct arterial sampling) and thus transient falls in oxygen saturation could easily have been missed. Furthermore, one of the most satisfactory present-day applications of ether-air anaesthesia-its combination with muscle relaxants and controlled ventilation-was reported in only 9 cases. Nandrup (1959) reported on the use of low concentrations of ether in air with controlled ventilation. He found arterial oxygen saturation to be above or equal to normal on all occasions. Poppelbaum (1960) described oximetry during ether-air and halothane-air anaesthesia for thoracic operations. He recorded changes in saturation rather than absolute values, since his oximeter was preset to an arbitrary figure, but his measurements were continuous and the evidence suggested no difficulty in maintaining adequate oxygenation in the great majority of cases.
PREVIOUS INVESTIGATIONS

METHOD
In a series of 105 unselected patients, arterial oxygen saturations were measured before and during surgery and, in some cases, after return to the ward. Patients were anaesthetized with the E.M.O. inhaler and the Oxford Inflating Bellows. All patients were intubated with cuffed endotracheal tubes and respiratory minute volumes were measured from the expiratory side of a nonreturn valve. Ventilation during surgery was spontaneous or controlled, depending upon the circumstances. The volatile agents used, in separately calibrated inhalers, were ether, trichloroethylene, halothane and the azeotropic halothane-ether mixture.
Blood oxygen saturations were measured with the "Atlas Double Oximeter". This is a double oximeter which is unique in permitting simul-taneous ear and cuvette oximeter readings, samples for the latter being obtained by arterial puncture. The apparatus was thoroughly tested by comparison with the Van Slyke manometric method (Peters and Van Slyke, 1932) and its performance proved satisfactory: details will be published separately.
Well before the anaesthetic was due to begin a rubefacient was applied to the patient's ear and the ear unit of the oximeter was attached. The patient was then given pure oxygen to breathe and the oximeter dial was set to 100 per cent. The apparatus having been calibrated in this way, the patient was allowed to lie quietly, breathing room air, until the oximeter reading had fallen to a steady level: the resting arterial oxygen saturation was thus recorded. During operation, earpiece readings were checked against occasional arterial samples and if the discrepancy was greater than 3 per cent oximetry was abandoned. On the whole, agreement was surprisingly good although some shortcomings of the ear unit soon became apparent. For example, earpiece readings tended to fall during manipulation of the viscera or sudden haemorrhage, no doubt as a result of vasoconstriction and reduced blood flow through the ear ( fig. 3 ). Also, in the steep Trendelenburg position venous congestion of the head and neck was responsible for some artificially low readings.
Resting Saturation
Although the normal resting arterial oxygen saturation is customarily taken as 95 per cent, a review of the literature reveals some confusion. Roughton, Darling and Root (1944) quoted the figure of 95.2 per cent-the mean of three previous observations. They then suggested that the figure should in fact be nearer 97 per cent, the discrepancy being due to errors in the estimation of the oxygen capacity of blood. Drabkin and Schmidt (1945) , using a spectrophotometric method, proposed the even higher figure of 98.6 per cent However, a more recent study using a gasometric technique (Lambertsen et aL, 1952) found that for healthy nonsmokers the figure should be 97 per cent but that it may be as low as 93.6 per cent for smokers. Comroe and Walker (1948) , from the results of oximetry, suggested a figure of 96.2 per cent for "ambulatory patients".
In the present series, resting arterial oxygen saturations were measured in the anaesthetic room in 96 patients, lying supine and quiet, after premedication. No account was taken of whether or not these patients were smokers, and not all of them were in good health. The mean figure obtained was 94.5 per cent with a standard deviation of 1.4, all saturations lying between 91 and 97 per cent.
RESULTS DURING AND AFTER ANAESTHESIA
Intubation and Extubation
Ten patients showed some degree of desaturation during intubation, the maximum fall being to 76 per cent; at this level a tinge of cyanosis was noticeable. Nine of these 10 patients were intubated after inflation with air alone and in the remaining case the anaesthetist gave only three breaths of oxygen. Weitzner, have shown that, if intubation proves difficult and time-consuming, the apnoeic patient will not maintain full arterial saturation unless pre-oxygenation has been carried out. Present experience with the oximeter suggests that inflation of the.lungs for 30 seconds with an oxygen-rich mixture ensures adequate arterial oxygen saturation for at least 1 minute during intubation.
Desaturation at the time of extubation was recorded in 17 patients. It was most commonly associated with the restoration of spontaneous breathing after use of the muscle relaxants, and with coughing and straining during tracheobronchial suction and removal of the endotracheal tube. Brief periods of anoxia may occur at this time with any form of general anaesthesia: figure 1 shows a comparison between a halothane-air anaesthetic and a "conventional" nitrous oxide-oxygen anaesthetic. In each case the endotracheal tube was removed without the previous administration of oxygen and in each case the patient's arterial oxygen saturation fell to the region of 30 per cent. It is the writers' common practice to administer an oxygen-rich mixture for some minutes prior to extubation and by this means severe desaturation may be prevented.
During Surgery
The cases may be grouped according to whether respiration was spontaneous or con- Fio. 1 Effect of extubation without pre-oxygenation on arterial oxygen saturation (see text).
trolled. The mean arterial oxygen saturation during operation may then be compared with the patient's resting level and thus desaturation can be appraised. C ontrolled ventilation. Table I shows the means of oximeter readings taken at 5-minute intervals throughout surgery in the 62 cases in which ventilation was controlled during anaesthesia. These means are expressed in terms of their difference from the patient's' resting saturation level. The range of minute volumes in these 62 cases is also indi-cated. It may be seen from table I that arterial oxygen saturation remained within 2 per cent of the resting value in 57 of the 62 cases (92.0 per cent). The 5 cases in which mean arterial saturation was more than 2 per cent below the resting figure deserve some further consideration. Two of these patients had moderately severe cardiovascular disease, one having previously been in congestive failure. One case was an intrathoracic operation (see below). One was an exceptionally large, obese man whose average minute volume, 8 1., was almost certainly inadequate. The remaining case was a 60-year-old man undergoing hemicolectomy; despite ventilation at 11 l./min his arterial saturation persistently fell to the region of 88 per cent unless the inspired mixture was enriched with oxygen. However, this patient's resting saturation was only 91 per cent, which suggests that some unsuspected respiratory or circulatory disease may have been present. In one further case oxygen was added during the anaesthetic in order to maintain arterial saturation within 2 per cent of the resting value: this was a patient in steep Trendelenburg position whose ear oximeter reading fell to 85 per cent and whose face appeared suffused and bluish. A brachial arterial sample showed a saturation of 91 per cent. Oxygen was added to the contents of the O.I.B. at the rate of 2 l./min, but although the arterial oxygen saturation, by direct measurement, rose to 98 per cent the appearance of the face remained unchanged. When anaesthetizing poor risk patients, some reassurance may be derived from the addition of oxygen to the inspired mixture, although clinical judgment and experience with the oximeter suggest that this by no means always brings about any real improvement. Apart from the 6 cases discussed above, there were 9 other patients in this series whose general condition might well have been expected to make adequate oxygenation difficult. In all these 9 cases, however, average saturations during surgery remained within 2 per cent of the resting value without the addition of oxygen to the inspired mixture. Figure 2 illustrates an uncomplicated azeotropeair anaesthetic with controlled ventilation.
Intrathoracic surgery was performed in 5 cases and table II shows that average saturations remained close to the patients' resting values without the use of additional oxygen, except in one case in which a fall of approximately 4 per cent occurred. However, this patient was almost certainly underventilated. 
Total 3 7 10 12 5 0 2 2 2 43 anaesthesia in a 75-year-old man. Throughout more than 2 hours during which the left hemithorax was widely opened and the lung retracted out of the surgeon's way, arterial oxygen saturation remained at the pre-operative level (93 per cent). Immediately before closure of the thorax (and before reinflation of the left lung) a direct arterial sample was taken from the aorta as a check on the earpiece readings: the oxygen saturation of this sample was 92 per cent.
Spontaneous ventilation.
Forty-three patients breathed spontaneously during surgery, an illustrative case being shown in figure 4 . Table III shows the means of 5-minute oxygen saturation readings during spontaneous breathing and it may be seen at once that there is a much greater range of values than during controlled ventilation (table I) . This is not surprising, since the adequacy of spontaneous ventilation is largely dependent on the pharma- Min.
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Fio. 5 Male, aged 10. Exploration of urethral stricture. Ether-air anaesthesia with spontaneous respiration. Note sudden fall in arterial oxygen saturation during third plane anaesthesia:
oxygen was added before cyanosis became apparent. Although arterial oxygen saturations were generally satisfactory during spontaneous respiration with ether and trichloroethylene, they were less so with the azeotropic mixture, and decidedly unsatisfactory with halothane. This accords with the clinical finding that when halothane is used without a muscle relaxant cyanosis is common unless respiration is assisted, or an oxygen-rich mixture administered. Altogether in the present series it was necessary to add oxygen or assist ventilation in 4 cases, and in 3 of these halothane was the agent used. It should be noted, however, that during anaesthesia a minute volume lower than expected does not necessarily imply deficient oxygenation; we have recorded satisfactory arterial saturations with minute volumes as low as 4 1., and a similar finding has recently been reported from. America (Ikezono, Harmel and King, 1959) .
In 3 cases (2 ether and 1 trichloroethylene) the patient's respiratory minute volume was raised during light anaesthesia, and the mean arterial oxygen saturation was above the resting figure. It is interesting to compare the mean figures for minute volume in the controlled respiration and spontaneous respiration groups: in the controlled respiration group the mean was approximately 9 l./min and in the spontaneous respiration group approximately 6 L/min. The effect of different anaesthetic agents is well illustrated in the spontaneous respiration group, respiratory depression being greatest with halothane (table IV) .
Transient falls in arterial oxygen saturation were observed in spontaneously breathing patients, associated with coughing or breath holding. Saturation quickly returned to a satisfactory level when regular breathing was resumed. Such incidents of transient anoxia are, of course, liable to be associated with any technique if a spontaneously breathing patient is allowed to become unduly lightly anaesthetized.
In practically all patients in the present series anaesthesia was maintained at a light level, with or without the use of muscle relaxants. In one case, however, an opportunity arose for measuring arterial oxygen saturation during deep ether anaesthesia ( fig. 5 ). Although the patient's minute volume declined progressively with deepening anaesthesia, his arterial oxygen saturation fell quite suddenly.
The Postoperative Period
In 9 cases arterial oxygen saturation was measured after the patient's return to the ward: the results are shown in table V. These measurements were confined to patients who had undergone thoracic or upper abdominal operations and who would therefore be expected to have considerable pain and limitation of respiratory movement in the early postoperative period. Most of them had received some postoperative sedation; none of them was a particularly poor risk and none was causing anxiety to the medical or nursing staff at the time measurements were made. This is a small group of cases but it serves to illustrate the point that in no single instance was the postoperative arterial oxygen saturation as high as the saturation recorded during anaesthesia with a volatile agent and room air. On several occasions it was appreciably lower.
DISCUSSION
Man has evolved to breath air; we know from our common experience, and from the management of respiratory failure, that as long as our lungs are replenished, either spontaneously or artificially, with a sufficient quantity of air no serious harmwill result. Common sense therefore suggests that for the resting, anaesthetized patient, air should be a satisfactory vehicle for volatile drugs and that this should hold true whether respiration be spontaneous or controlled so long as it be free and undepressed. This contention is supported by the present study. Even when a patient's respiratory or cardiovascular system is abnormal, supplementary oxygen is not always essential or even beneficial, although it can so easily be added to the inspired mixture that there seems no point in withholding it from sheer bravado.
During spontaneous ventilation some degree of arterial desaturation may occur as a consequence of either respiratory obstruction or respiratory depression. When ether is employed serious falls in arterial oxygen saturation do not occur except in the deepest planes of anaesthesia, which are nowadays better avoided by the use of muscle relaxants. The danger of respiratory depression from other causes, for example heavy premedication or thiopentone overdosage must, of course, be borne in mind When respiration must, or may, be interrupted, as during intubation and extubation, the anticipatory addition of oxygen is to be recommended.
It is easy for the anaesthetist to lay undue emphasis on 100 per cent arterial oxygen saturation throughout surgery, without giving sufficient thought to the patient's normal saturation level and, more particularly, to the probable state of affairs in the early postoperative period. After return to the ward, the great majority of patients are left to breathe air, without any additional oxygen, at a time when they may have considerable respiratory embarrassment. Arterial oxygen saturation is often lower at this time than during the administration of a volatile anaesthetic agent in air.
SUMMARY AND CONCLUSIONS
An "Atlas Oximeter" was used to measure arterial oxygen saturation in 105 patients anaesthetized by means of volatile agents vaporized in room air. Measurements were made pre-operatively, during surgery, and sometimes in the postoperative period. During controlled ventilation, providing oxygen was administered prior to intubation and extubation, arterial oxygen saturations compared favourably with the normal for the patient. During spontaneous ventilation, arterial oxygen saturation remained satisfactory in the great majority of cases unless marked respiratory depression occurred. When respiratory depressants such as halothane are used the anaesthetist should be prepared to assist the respiration or use additional oxygen. Arterial oxygen saturations measured during the early postoperative period were lower than those recorded during surgery.
